Introduction
This report presents a geologic map compiled for a study of the geologic framework of springs and seeps that discharge in Black Canyon directly south of Lake Mead below Hoover Dam, Nevada and Arizona. The hydrogeologic and geochemical study of the Black Canyon thermal springs by the U.S. Geological Survey was funded by the National Park Service and National Cooperative Geologic Mapping Program of the U.S. Geological Survey. The study consisted of (1) compilation of existing geologic mapping, augmented by new field geologic mapping and geochronology (appendixes 1, 2) and (2) collection and analysis of structural data adjacent to the springs of interest and construction of regional cross sections others, 2014, 2011; Anderson and Beard, 2011) .
Previous geologic reports pertinent to this study include a body of work by R.E. Anderson, comprising two 15-minute geologic quadrangle maps that include the Black Canyon study area (Anderson, 1977 (Anderson, , 1978 and three reports (Anderson, 1969 (Anderson, , 1971 Anderson and others, 1972) . The study area (map sheet) also includes parts of four previously mapped 7.5-minute quadrangles-Boulder City (Ekren and Anderson, 1996) , Hoover Dam (Mills, 1994) , Boulder Beach (Smith, 1984) , and Henderson (Bell and Smith, 1980) . Regional-scale geologic maps include Beard and others (2007) and Felger and Beard (2010) . Anderson and others (1972) , Gans and Bohrson (1998) , and Faulds and others (1999 Faulds and others ( , 2001 Faulds and others ( , 2002 provide geochronologic ages on many of the geologic units important to this study.
Qa
Younger alluvial deposits (Holocene and Pleistocene?)-Unconsolidated to partly consolidated alluvium, consisting of silt, sand, and gravel in streams, washes, low terraces, alluvial fans, and piedmont slopes. Undissected to moderately dissected (Felger and Beard, 2010) .
Maximum thickness approximately 20 m Qc Colluvium (Holocene and Pleistocene?)-Talus and hillslope deposits composed of angular to subangular, poorly sorted cobbles and boulders of locally derived material. Mapped on the flanks of Fortification Hill and the north end of the Eldorado Mountains, where deposits obscure bedrock. Includes unit Qc of Ekren and Anderson (1996) and Qt units of Mills (1994) . Generally less than 20 m thick Qp Playa deposits (Holocene)-Clay, silt, sand, and evaporate minerals in Dry Lake, Eldorado Valley. Thickness unknown Qoa
Older alluvial deposits (Pleistocene)-Moderately to poorly sorted sand, silt, clay, and gravel. Poorly bedded to massive, weakly to moderately consolidated. Surface has slight to well-developed desert pavement and scattered to widespread pedogenic carbonate debris. Mapped on margins of Eldorado Valley. Also occurs on southeast side of Hemenway Wash, north side of Fortification Hill, and east side of River Mountains. Includes unit Qao of Ekren and Anderson (1996) and Mills (1994) and some outcrops of unit Qr of Smith (1984 (Bohannon, 1983) , and in study area as lower Muddy Creek Formation (Anderson, 1978 Longwell (1951 Longwell ( , 1963 (Reynolds and others, 1986; Feuerbach and others, 1991; Felger and others, 2011 Longwell (1963) for outcrops near Mount Davis, Arizona, and further described by Anderson (1971 Anderson ( , 1977 Anderson ( , 1978 and Anderson and others (1972 (Mills, 1994) and Tls of Ekren and Anderson (1996) and Tds of Anderson (1977 Anderson ( , 1978 Anderson (1977 Anderson ( , 1978 . Dense to vesicular, dark-gray to black olivine basalt and basaltic andesite.
Varies from aphanitic to porphyritic. Comprises bulk of Mount Davis Volcanics and includes Switchyard basaltic andesite (unit Tsb of Mills, 1994) , most of unit Tdm of Anderson (1977 Anderson ( , 1978 , and units Tdm and Tdu of Ekren and Anderson (1996) . Outcrops previously mapped as Fortification Basalts west of Colorado River (units Tmf, Tmfc, and Tmfq of Ekren and Anderson, 1996 , and unit Tmf of Anderson, 1977 , 1978 have been assigned to this unit based on stratigraphic relations and geochronology. A new 40 Ar/ 39 Ar age of 13.268±0.032 Ma (appendix 1) was obtained from basalt sample collected about 1.5 miles northeast of Boulder City from outcrops that had previously been mapped as Fortification basalt (Anderson and Ekren, 1996; Anderson, 1977 (1977, 1978) and Ekren and Anderson (1996) . A flow about 2.5 miles (4 km (Mills, 1994; Faulds and others, 1999) . Originally named Latite Flow Breccia by Ransome (U.S. Bureau of Reclamation, 1950). Mapped and described in detail by Smith (1984) and Mills (1985 Mills ( , 1994 (Mills, 1994) . Larsen and Smith (1990) define two plutonic suites, the older Horsethief Canyon diorite, and the more voluminous Teakettle Pass suite (not mapped separately). Interpreted as a sub-volcanic intrusion by Anderson (1973) and later geochemically correlated by Feuerbach and Smith (1986) to volcanic rocks of River Mountains. They proposed that the volcanic rocks were originally adjacent to or above Wilson Ridge pluton but tectonically transported westward to their present location in the River Mountains (Weber and Smith, 1987) Mills, 1994) . Contains roof pendants of Cambrian limestone and shale just (Pz) west of Fortification Hill. Metcalf and others (1993) suggest that Paint Pots may be subjacent plutonic source for Tuff of Hoover Dam that intruded its own volcanic cover Tibu Boulder City pluton, undifferentiated (middle Miocene)-Large composite epizonal batholith exposed mostly northeast and east of Boulder City. Bulk of pluton is quartz monzonite with lesser amounts of granite, monzonite, and syenodiorite (Ekren and Anderson, 1996) . Quartz monzonite is mostly light gray, fine to medium grained, faintly to distinctly porphyritic, nonfoliated pyroxene bearing, with biotite and hornblende as important mafic constituents. Rocks either more mafic or more siliceous than quartz monzonite occur mostly as fine-grained to aphanitic dikes and border facies in Boy Scout Canyon area and in outcrops east and southeast of Boulder City. Contacts between various lithologies are obscure and appear to be gradational in most areas. Fractures and breccia are pervasive, and are host to hematite, barite, and manganese mineralization. Sub-horizontal bands at about 700 m elevation, interpreted by Anderson (1969) to represent a paleohydrologic feature, are formed by strong concentrations of hematite Tib Unaltered quartz monzonite-Unmineralized parts of Boulder City pluton, exposed mostly northeast of Boulder City above paleohydrologic feature of Anderson (1969) . Includes masses of lightgray, fine-to medium-grained plutonic rock that grades from near granite in composition to syenodiorite. The rock is faintly to distinctly porphyritic, non-foliated, and highly fractured in most areas. Considerable accessory sphene present in some outcrops (Ekren and Anderson, 1996 Welded to non-welded, gray to pale-red, quartz-free rhyolitic ashflow tuff; purplish-gray andesitic lithic inclusions are common. Phenocrysts of sanidine, plagioclase, biotite, augite, and hornblende are present in varying amounts and proportions. Sphene is principal accessory mineral present in variable amounts. Where exposed in vicinity of highway 60, consists of two cooling units that total up to about 180 m thick. Also occurs in isolated outcrops south of Malpais Flattop Mesa and east of Indian Rapids (north of Willow Beach). Originally mapped and described by Anderson (1971) , tuff is inferred to have erupted from a caldera in northern Eldorado Mountains (Gans and others, 1994) . 40 Ar/ 39 Ar ages from outcrops near type section along highway 60 in Eldorado Mountains range from 15.03±0.06 to 15.34±0.06 Ma (Gans and Bohrson, 1998) Tcr Chaos rocks (middle Miocene)-Area of structural chaos between highways 95 and 60 consisting of numerous faulted and folded blocks of Tertiary volcanic and sedimentary rocks in a complex mosaic (Anderson, 1977) . Possibly related to southern ring fracture of Boulder City Cauldron of Gans and others (1994) , which was the source for Tuff of Bridge Spring (Tb) Patsy Mine Volcanics (middle and lower Miocene)-Type section of Patsy Mine Volcanics was defined by Longwell (1963) for a thick section of lava flows, flow breccias, and subordinate tuffaceous sedimentary rocks exposed in Eldorado Mountains, about 3 mi northwest of Nelson, NV (3 mi south of map boundary). Anderson (1971 Anderson ( , 1977 Anderson ( , 1978 divided Patsy Mine Volcanics into upper, middle, and lower informal parts. Upper and lower parts are predominantly andesite and middle part is mostly rhyolite. Patsy Mine Volcanics are bracketed by Peach Springs Tuff with an age of about 18.5 Ma (Nielson and others, 1990) and Tuff of Bridge Spring (Tb) with an age of about 15.2 Ma (Gans and Bohrson, 1998) . Total thickness as much as 4,000 m Tpv Volcanic rocks, undivided-Modified from Anderson (1977 Anderson ( , 1978 . Andesite and basaltic andesite lavas and associated breccia and tuffaceous sedimentary rocks. Inferrred to be mostly correlative with upper (Tpu) and lower (Tpl) parts of Patsy Mine, but not subdivided due to stratigraphic and structural complexities. Outcrops southeast of Malpais Flattop Mesa are mostly andesitic lava and breccia that may be correlative with rocks of lower part (Tpl). Here, basal contact is generally complicated by faults but is locally marked by a few tens of meters of prevolcanic clastic rocks, similar to lower part (Tpl). Outcrops may represent parts of a single lava pile separated by faults; although mostly andesitic, rocks are lighter colored, more siliceous (biotite-and hornblende-bearing rocks are common), contain fewer breccias, and are more varied texturally and mineralogically than typical rocks of coeval lower part (Tpl) to west. Outcrops west of highway 60 are a poorly exposed, steeply tilted section of interbedded basaltic andesite flows and sparse whitishgray tuffaceous sedimentary rocks. This section is probably equivalent to upper part (Tpu) but has been displaced westward on faults so that it lies along the strike of older Patsy Mine strata. East of highway 60, several hundred meters of basaltic andesite lava is underlain by as much as 120 m of coarse volcaniclastic conglomerate which, in turn, is underlain by numerous thin andesite lavas totaling as much as several thousand meters in thickness. These strata are probably correlative with lower part (Tpl), but their lesser thickness and occurrence of clastic rocks suggests that they are "flank" deposits that have been displaced adjacent to "core" deposits (Tpl) by faulting Tpu Upper part-Modified from Anderson (1977 Anderson ( , 1978 . Dark-purplish-gray, massive, porphyritic pyroxene-olivine andesite and basaltic andesite flows locally interstratified with thin beds of whitish-gray tuffaceous sedimentary rocks. Includes at least one flow of hornblende-biotite rhyodacite near base; rhyodacite contains sparse quartz and sanidine and common accessory sphene. Exposed in southern part of map area 
